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ECSU-AASERT Summer Research Project in
Parallel Processing and Computer Visualization

Dr. Linda Hayden. Principal Investigator
Summer 1994

This ECSU-AASERT research project will annually support minorty
undergraduates who are not now a part of our program. It will also allow us to
included female and minornty precollege students in our summer research training. All
students hired under this research project will be actively involved in computer
science research projects The subareas of their research investigations are
parsilel processing and computer graphics/visualization. Each will also
be assigned a computer networking problem to investigate.

Undergraduate Computer Science majors must be full time ECSU students
with a minimum 2.8 overall GPA, 3.0 GPA in their major courses and

must be recommended by two of their major professors. The
undergraduates will work in the laboratory for 5 hours each day, S days
each week for 6 weeks.

Precollege students selected must have completed a minimum of three credits
of mathematics including geometry and algebra II. Grades of B or better
in these courses plus recommendation of two science/mathematics teachers
will be required. The precollege students will work in the laboratory for
five weeks, 5 hours each day, S days each week. All students, both
precollege and undergraduate must be citizens of the United States.

The Instructor for each team will be a member of the ECSU faculty/staff who is
knowledgeable in the subdiscipline. Instructors will work with the students
for approximately 3 hours each day, 4 days each week.

Consultants will be available to team members daily via email and may make

one visit to the ECSU site.
Assistant Instructors will be graduate students pursing a Masters or Ph.D in

Computer Science. Assistant Instructors will work with the students 5 =
hours each day. =0
- =%
Planned Activities =
Trip to the Library of Congress (Washington, DC July 14-17 tenative date) §.‘£
Trip to the NC Supercomputing Center (Research Triangle Park, NC 2-3 days) §w
SIGGRAPH Conference (Orlando, Fla. July 25-27, 1994 for CV team) =N
ADMI Conference & Georgia Tech. Atlanta, GA (July 21-23 for PP team) %Q
Lectures by visiting consultants( Sharon Ramsey of Alcoa Aluminum)
Final Research Project Reports b\\@X
. -
Schedyle TR AT T S
Week | ECSU students work with Instructors
Weeks 2-6 High School Students join the teams
_— vl &
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Deirek Burrus, Senior
Camden County High

Connie Sa Junio
wvyer, X (PP)

Camdem County High (PP)

Denisa Fd wands, Senior
BCSU (CY)

s
Y

Kevin Trotman, Senior Exvin Howeard, Senior
ECSU (CV) ECSU (PP)

Highlights from the '94 AASERT Research Training Project in Parsllel Processing and Computer
Yisuvalizaton. Sponsored by the Office of Naval Research and Elizabeth City Stawe Univeristy.




Highlights from the ‘94 AASERT Research Training Program in Parallel
Processing and Computer Visualization. Sponsored by the Office of
Neval Research and Elfzabeth City State University

Lavonna Felton, Recent Graduate

Sharon Saunders, Senior
ECSU (CV) I.C. Norcom High School (CV)

Kuchumbi Hayden, Senior ~ Jackie Hall, Recent Graduate NC
1.C. Norcom High School (PP) School of Math and Science (CV)




Highlights from the ‘94 AASERT Research Training Projectin PP and CVY sponsored by
the Office of Navel Research and Elizabeth City Stwate University.

Michelle Brown Emmanuai(left) and Swephanie Yaughen (right) Telk with PP
and CY wam members in the Blue Room during lunch. Both are graudate
students in Compueer Science.




Highlights from the '94 AASERT Research Training Project in PP and CV Sponsored by the Office of Maw
Research and Elizabeth City State University
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Kevin trotman, Dr. Jingyuan Zhang, Denisa Ed wards and

Dr. Linda Hayden and Sharon Saunders attend the AV S Training Workshop held
Michelle Brown-Emmanual &t the North Camolina Supercomputing Center (NCSC)

Sharon Saunders and Mr

MNMAlavnan alon attandad tha

A




NORTH CAROLINA
SUPERCOMPUTING
CENTER (NCSC)
TRAINING ROOM.

NCSC TRAINING
STAFF

DR. HAYDEN
AT A

NCSC
TRAINING
ROOM
WORKSTATION




Parallel Processing
team

Derrek & Connie on BeBop with Coo on the background

Dr. Johnny Houston, Instructor (center; with Michelle Brown
Emmanual, HU Graduate Student (back left)

Team Members: Ervin Howard (1eft), Connie Sawyer (missing from
photo), Kuchumbi Hayden (right front) and Derrek Burrus (right rear)




Parallel Processing Research Project Description

Reference - Laboratones tor Parallel Computing by Christopher T Nevison, Jones and Barden Publishers. 1994
ISBN 0-86720-470-2

The sieve of Eratosthenes has long been a standard benchmark program for
integer operations on a sequential computer. We will develop a parallel prime
number sieve to demonstrate several concepts fundamental to parallel computing.
This example also illustrates a process of parallel program development which
can be usefully applied to many problems.

After defining the problem and a sequential solution, we will begin the
development of a parallel algorithm by analyzing the actions which must be taken
and the order constraints on those actions. This makes it possible to define a
maximally parallel. although impractical, algorithm. We will then develop a
practical algorithm which can be mapped to a network of message passing
processors, a pipeline.

The mapping of the algorithm to the array of processors brings up the
issue of load balancing. We will develop an algorithm for static load-balancing,
allocating the work so that each processor will have about the same amount to do.

We will investigate the performance of the algorithms by measuring the
speedup and efficiency. Amdahl's Law gives theoretical limits on the speedup
which can be obtained from parallel computers. This will lead to a final
refinement of the algorithm based on using an efficient sequential algorithm
within processors while maintaining the pipeline between processors.

The final aspect of algorithm development will be an analysis of
communication issues: 1) Buffering between the processors reduces processor
idle time spent waiting for communication with a neighboring processor; and 2)
The effect of packing the integer messages into larger messages between
processors so as to increase overlapping of communication with computation.

Parallel Processing Team

Instructor: Dr. Johnny Houston

Assistant Instructor: Michelle Brown-Emmanual
Consultant: Dr. Nan Schuller/Christopher Nevison
ECSU Student I: Ervin Howard

High School Student 1: Connie Sawyer

High School Student 2: Kuchumbi Hayden

High School Student 3: Derrek Burrus
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Computer
Graphics/Visualization
Team

" Is the Network Up?..... Can | get to Sun1? "

Dr. Jingyuan Zhang, Instructor

Stephanie Vaughan, Graduate Student

Team Members: Denisa Edwards
Sharon Saunders
Kevin Trotman
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Computer Graphics/Visualization Project Description
3-D Modeling and Viewing

The computer visualization project. which students funded under AASERT

will invesugate, shall consist of three stages. In the first stage. the student
researchers will be given lectures concerning solid modeling and visualization.
For the solid modeling, they will learn how to represent a solid object using a
edge-based boundary model. They will also be taught how to obtain a new object
from an existing one or from scratch using Euler operators. As to visualization,
they will be given the concepts of 3D viewing, shading and texturing.

In the second stage, the students will define data structures for a solid
object using the edge-based boundary model and define a subroutine for cach
Euler operator. Then we will use the Euler operators to build a set of primitives
such as cube, sphere. cylinder, cone and torus. We will also use the Euler
operators to build high level operators like sweeping (including both translational
sweep and rotational sweep), gluing and assembling. After this stage. students
have a simplified solid modeling system based on Euler operators.

In the third stage, students will develop the software for the Gouraud
shading and Phong shading as well as for the solid texturing. Finally, they will
design objects using the solid modeling system build in the sccond stage and
visualize these objects using the software developed in this stage.

Visualization/Graphics Team

Instructor: Dr. Jingyuan Zhang
Assistant Instructor: Stephanie Vaughan
Consultant: Dr. Scott Owens
ECSU Student 1: Sharon Saunders
ECSU Studem 2: Kevin Trotman
ECSU Swudent 3: Denisa Edwards
High School Student I: LaVonna Felton
High School Student 2: Jackie Hall
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RENDERMAN

RenderMan uses various geometric shapes, such as spheres,
cylinders, and paraboloids iy order to obtain various objects. These shapes
have basic parameters needed.Radius which is the distance from the
center of the figure, height is the length of the figure, thetamax which is
the distance around the figure, zmax and zmin covers the height of the
figure from the top and bottom. (Upstill pp.12-13)

In order to move an object created in the rib.file, in renderman, the
transformation function is used in the coordinate system. Transformation
consist of three parts: translate, rotate, and scale. Translale concatenales
a translation onto the current transformation. Translate changes the
location of an object. Rotate turns the object around an axis. And scale
changes the size of an object in the x, y, and z directions. (Upstill pp. 111-
113)

The member of the computer visualization team demonstrated
several steps in understanding the quadric surfaces and changing the
transformations of a rib.file in RenderMan. THe steps are on the next

page.




IRRTITTIRNTTUNR [TTRUR TN

PRt NI E N I F R R TR I T T e I TR A L i .:.«.v»z 1qos —__;_ ..__. _:__. 1340 _._u__

T IRIERRE!

VR RS O SN S IEIpIan ) 20Ns g gie g
joo aeed uviiodie amos :a:::._ unte v psul sl yrodat dopns RSITN
o dd e o ogod o) eauassa s1osanjes oe i e
poovope T s St pep o pue fo g o) st digay e oo adie
WHOWE AR aamnn i i  pheInD S njan o Sapempioa o angg e
WAL pat ) Lparis [y RIS HOJOUD g B SEI] OS¢ ury iy
(12T dd gasdpyy pamaop i oomos gy o
(LTRSS AT I F R T UOMON R R SUE L AU HINDY Oty .A._ PAMBIOPS ORI D8 Shep) Y
pur wansod oy pakge wnpaoad Lue jo asoE AN paeaE e sannny
WEH 0 SORINPIon penotang pue jeamnsad s wonanp pine vomsind
o ey v agdg supp o amed saqone parzao) iod auo o pansed

:._:_ [IM

o e sappmns g vanos dipods ospe pry peod opdues
ooy aoeds gaAnorp mpdp somqansip aninos g3 o wonanp aue
weoaads we o pis saopp @i uesicp suonoanp e we aaeds nogdnony)
spuerapin g sapgEnsip adgs gy manpne s nepyaopuay

sy poapoapand s pags ey amod WA aaey ospe sy qey
Cebr ey dd gosdpyy Speapaadop
A 2 pue Ly A Bo uaop pue die polgo g saaom
R 1 L] L LTAN UONEIIogsue ey .J_—_ [T 5 ¢ M (L A 1 T —J.JT_.. .:: Savon .4.—:—::
HOLRUUERO it g IV ) saue BOREISUHEG ¥ SOIu0 Wio ) .;3—/_::,_

L L A LI [ TR IR T T R[] 1) v..__:_ SINP ST N gsue Pasu

[BETTRITEAN

WO siiing ey, ) MSEE et o) pajed Iy _fa_._: S a0t o) apto )

tes 1y b pslp amonns opp g v o swepodin

PN S AS DepIond Asay) pausap adewg a1 o wonmgosar
dmpagas £g o aas 0 Kepdsip 2y wory paagur iy SEwdAS aengpaons
sl cpd ojurs e ogo vaw 3 o sprodsanod was{s aempnnd su)

HECp e Bt sEomIsAs antiipaons 1avad so agpser aqg sa

MPIOGD 1S

(A3 RS IR RY [TV} uanruauosurn 1S

aq auegd ofeun o oy Ampuodsanon
A s MUMIPIOGD PIZHEWION (17 AN ST YDIGM SIPIIPINGD UdNIS

OF SDIEHIPINOD RIAUED Wol] HIAUOD NOHEULIOJSURIL udais pue uonaalowd

ML sz damsod dg uope mata Jo uondaup s pue wilio o e od

MRUEA DU ST CIAWED A CSARMPIOND TIAURI 0) $LHIOOI PlIOM 001}

SHAAROD  woneuoo)sury]  eiajued EUNN RUEITYSS IRUEPIOOT DU e

Y
YL SE PROAL SICHIPIOLD PROM O] SIIRUIPIVOD 13000 W) $HdANOD
wonEunop ey dunapowr aygg cpaurap st aanpund sinawoad Juannn
M A uE wasks apempiood 3y se Pafq s pae ‘uaaos

R BT
e Cpalgo uepyapuay me pasn swasks aemiploos aay aw hICITY R

(e dd pnsdgy)-auany

Ao sptpReE e pue Luawold sy o sondussop asiad e uaad
Aua3s e o ddvan onapuds v Sunedusd jo ssasoad ay s Funapuay

tot Srdd pesdgyy susewop . dupsapuar a pue dugopows

naAMINg voneedas 3y st uzpyIapuay pragaq vapr £ay ayy owads g "

saapms o Juprys wr Kipqixayy st K9y sy Asafewn apuis o) sanepms

snotea Jurg uenuapuay Cwiayy wotf safeuwnt 31T wed sandhing v

iy os sewes pue sy csauans ‘spaflgo aquasap o) Lem aasusyadinn

v Lloopogiaw wondiosap awans € fed jo s s HepyIpUIY

NVIVIIANTY SI LVHM




(onpenb ‘ijeueid) saseung 9
(ajeas '8je)O) ‘B)R|SUBI]) SUONBUNOISUBI] @BIiy)] G
(lybipods
qubmumod ybpueisip iyBueique) saasnog by
(anjq 'vaeib ‘pai) waelsAg goy ey
eINPNNg a4 Aty euy 2

‘ppusap abewn 8y} Jo uopniosa!

ai)} Dunoeyes Aq jas o Aeidsip ey woly pasyu
e si waisAs ejewproos siyy  1exid ebus ‘O 12quinn uy paquaasap se a|3ue 2a18ap L1auin aateSau ayy e st 3dejans dppenb
e -O eaie W—: ol mﬁ:OQm@:OD EO—M>M O—ﬂﬁ_UhOOO yoea .nu»r “.-u>—w:.<v.w.wﬂ—& ———w_u 34 e st OUF.Y:-M u__—-ﬂ-—_u _—ur.a Ji 9as _-_F. \-_ .-9—-:0: (s

sy ut | jo ease ue (weishs ejeulpiaod exid) - 1sisel ‘e

esueyd abewn ey} 0y Buipuodseriod

o«

‘om) Jaquinu uy o painyy nok wonsod ay; ui asejns supenb

walsAs 8|EWIPIOOD PAZHBWIOU Q-2 - UBBIIS P yaea adepd of uonrysuen e pie ’ puguiojsuely, pue mSagunogsaeay, Suisq
sixa-z
amnsod ey Buoge men jo uopoesnp ey pue uibio WBAIPPOM 121L suanemIejsue) |1e 23501 (¢

ayi e wiod sfiejuea syl yum weisAs 8ieulpiood - vBwed D
wasAs 8jeUIPIO0Y BIUBIBIAI PIBPURIS - plIOM  q
pauyep st samuud
omjewoab Juannd yum wa)sAs ejeuipiood - 1oslqo e
‘wvlsAs S1BUIPIODD BA) B SBY UBLIIBPUSY |
‘ues ] AD 8y) YuM wd)sAS uepiepuay ayy pessnasip uayy Bueyz ig "SHONPHLOSI) dJuajsuoma() g a8u]S

cyBudu Sude) 3j8ur aa18ap L)augu danefau v e
st avepins dupenb yoey dassuy) -adejans supenb pea jo uorpsed ayy o a1y (g

~Saopap mok oy L10panp ssep sapun  qurspenb, apg agy £day

Aio)oanp Bupisom Jueund ey sAeidsip - pmd
Alojpanp eyl seaowal - spuls

oy ey sAeidsip - jeo

AlO1OBNp MBU B SBIE8ID - NPHW

9|y 8y) saidoo - do

sef eyl mx,aﬁw% - 810w

o1} & sabueyo - powno

ayl} 8yl sisy - 5y

Asor0enp ey) sebueys - po

ISPUBLILIOD XINN

C13piam pue 13800 PP seam ga8uerps ayy sapye pascadde ey

3Bty ay | samsuy) ‘pagaadxa sy 3Gews vy 31 o 3mBx ) ) sapuai pue ‘papuyyho
at go pifiay ‘a1ayds a4y o snipes -§-3) adepans sppeab yova jo sipamesed a8ueyy (1
‘saepns oppenb s jo yaea jo xejuds ai puessiapun oy  qurspenb , e joog (€

WapudYy (T

“K1o1331p nok o) Kropanp ssepaapun  qiespenls, apyg oy £do ) ()

~—NMTHONDO

‘saaufans apapunh aypy pusaapugy iy alo)s

‘sluawubisse BupIoMIBU [BNPIAIPU]  PUB SPUBWILIGS A 81 \m Buoe

M. a
XINN 8 qum pexiom | * p66I ‘1 AP - L2 sunp jo yeem a Bunng prosvLsuontac
HVMAPNIY]
v661 'y Ainp voday Apjaep mpay] uonuzIUNnsiA .r::l:_:U

toye4 euuope] dnosg yaseasey uoneziensip Janchuoy HOIDAsay Jdamuing  [MISVyy

33




'y abels

S11P108358 C {70 199USNIOM) YO1eIEdY JaummS uofIRZIiensis J3Indwo)
©1 12331 ‘§3[1) AIY OIUL SI[T) 3Inxe] aIwviodiodul ©I MOy I03 :IJLOH

. I%3°0j0ydAe Adspxy, Burdfy Ag 21nixa) e Ajedsip

e oy v e ojogdie Adspyjty. ButrdAl AQ B113 44IL © Aegdstp ued noA :3LON
s1Uns
+Ix3'0j0udAu J11-0roudAw dxeuxy, ut adAL (z Q2o AJTPOR 13
qti. o1
‘auwreu 196N InoA Butsn uotiesyiom NNS B ojutr Bor (] !lc..u-q_uu:c» -5
WU IER]TINCA QT 100K &>
©§2ININIY INOW i p AONLS sontol py
P
“.94q. ur adAL (9 T " Tewuto Bujen juns, 03 IWUTEI puv MOPUTA [{oYs ¢ uadD - (¥
‘LJoweuayty 196, ur adAy ‘BUIMOTTO) #Y3 QT vo::ﬂw- L] :uw .-omu .«:o-nuum )
Tuns w13 311y 235 03 es nok JT CTuns 03 €3(13 18ylo and Aew nok :3ION ‘A1010911p WY INOA Jepum B1F) Qi3 3 % 01 3uUem 0u op PRgRE:17: 1]

‘POPIRU B Ardw ¢ (9 01 ([ 5d335 1wadaa ue> nok :ZUON
.313°0j0ydAr Ind, pumumd 8yl ut IdAL (g

‘piomssed InoA uayl e ety
fue ‘3duoad [ eweusasfl. dYyl @ ,JuUNS, U0 aweu 13sSN InoA uy adAy ut 8dAL (9
©L.338%, ul adAy Cty
' Qyr, ®
SuweuT 18R Tan0A po
“oN0. Y2TTD ]
'.UO1IS835 dild. (234D
' LBWeN UOTES3IS, Y B .1°gp 68 861, Ul adAL (¢ u sk ey

C.IUnNE, uO Pafiio] sEYy ,BRE1D, IBYI JINE YW puE [UNE. 03 0D (§
‘nusaw umop Ttnd L3114, 8yl Ul ,uotIvaunuc) uad). asooyd (2
MTUTI8RTIN0A/BSED- GIlTnoor 4>
"eldN. IIPUN .G TIBUTIL NAB/YSIN. 23135 (1 ‘oueu 29w IN0A yItm

£31030917p B3 1epun ‘,EEUTD, 39BN O3 PaIwsId (1) Q12 syl Ado (¥
178y °S8°861) LIuns, 03 SI[1] 4311 IdJsuery :{ ADVIS

po
a9, H
“.13H. 13p103 8y) 03 333dxEIP 1nok ur ,j13°ojoydAw, Ao) ‘(2 (sweu enade ue Aq peoeides an.“”m..wﬂﬂ a”wwzx...xx @
qra o e
".Z8°8F'SB'B61. BSIIPPE 41 YI1M DeW Ayl puld ‘(1 (39quny ¥ Aq PaOR[d9: Bq PITOME XX)  XXuD e
¥1103n3 PO
T.78°8Y°98°861. SSITIPpe dl Yitm DEW 84 03 sa(r) J31L AdoD :7 IOVLS ! gc:n.. Mu
.6U0TITdD 3APS J4IL. 3yl ut ,{axtd 1ad sSI11q g, Iso0YD " (9 -buwyz, 195t woxg " (q
»
TedARS, XYOT1D {ouwreu 1ON3O0 Uw Aq peoR1dal 8q PINOYE 000X :BION)
“{lwaog 3714 abew bel) .d44I1L. 0925 UITUROENTINOK- QT2 XXX D
‘.313'0%0uydM, ‘Aes ‘swmu 3113 a4y uy adAL -uwn.u M.
‘WBATIP, Y3 S 3IINSIP INOA 303135 (g

. 66010, 18SN WOl (@
‘huaw P 1Ind 3714, 3y3 ut .5V anes, 8500UD (b ‘AEN 07 B32IN0S31 OMI SARY NOA “11 A)TPOw Uyl pue

$921N08 2810 WOl @ 1 ¢ Ao 1511} Ave oA TALON
Gaot atjy 1031235 pue Juem nok olotd 3YI SUTRIUOD yoTym 19p(0J AY1 18213S - (g ° o 3ot @ ¥

Q13" yatm Butpua) A11) Q11 @ BIMe1d (¢
‘LJa0oTfIep [RITBIP snpie, 13p[O} 133135 (g ‘Swwagn G0 IOA Bujsn ,TUNE, 03 LIS PP AOPUIM [1RUT ® U0 (2

T {wool aurtyoww Burtpuda ‘@°T) #Il Ut pajedol O¥H 3yl 031 09 ‘(1 T.8SR(D, AQ PSAISSS] €1 3| IO C,TUNY, 8GN 20U Op ISERId :RION

T@21SIP In0A 0] sapt3 AJIL Ado) 1 INLS TLUIMBA0, 1IWIE DUV . IBED, BUTST UCTIRISXION ® OJu} B0 {1

(Kx300u01)
{NSJ3) woolyleq AdUuOmQ SNPIY WOIJ SaINIXSL axel 021 mo| NYHYIONZY OHIS. ¥O3 SNOILOMMLSN

abedq

b T@E 58 86T :aurey 1015895 atoy T 1°8%'SH BE1 ‘SweN UOISTRS

a3




dyoyo

R R ITIN RTINS
R AR TN BUTRITOTTIN apig
IR .:::....:.:7.:..: A tag gy
O Jjim Waay  gyuul Rl LRUTTRTE SV,
oy AN 20 1y ...,:.l.:,:

wh iy e
LR ITITINTI Bt

U1 — BEITY . ) ~:
LRER TTTIRYRY 1]

HRTETIN

Hiop vy

gy

RINETY NUBTITN ,.z- i
UL TRV

3kl 3u) gy e PSR oM

R DU LS TR WS neopg

wd gy P senp i

i Jo /_...u_= iy Mt

W e oy

Ve dupapogy
i R eop 1y
NI u::...._. IRR

Hpn

0 parising s NP oy
[ B2 ETETS TRY SHIPHES Gy

16 e
s S

LE Y I S g
P !

.4:—-.,' —-.-_m
M Slopoanad

IR RRSUENTIY

Tool K G-y gy
o

" Sy fog

M) Gy U IIRTTRSY

‘ Aerdstil. <41 jo pus a3y Je
‘suaddetyy 1eym aes pue ‘aury J Sl Sl
PPY (T
1
as pue ‘001 Aq 091 o1 abew? 3ndino aya jo 8215 a8yl abueys - {
rsuaddey jeym ©

-abewt and3no 8yl :¢ abeals

exaured
wWoo! s 9am13aq drysuorzetar
9ZI6 MOPUIM U33ITS 3yj U . )
reatsiut ay3 g : wuu.mwcuwv—..wu ‘MOPUTM UB31D5 AUl JO 8z1s BY3 Nwwmmw MM
8yl no Ucnwomuuwnowm IBITJ SYI I333e Bul| .ﬂowudzuwwwnwvw.wzu eI
LAt it " uamo uotidaloxd,
“{ns Aq pextjaad) qual o se aury oo Tovrekad oo
ano putj pue
usamiaq drysuotie[ax ayjz e
T gapun v:mowwuw“ﬂwmauwm,::wﬁ ayy ‘@°'1 ‘1ajsweied ,A0j, 8yl abueys - (f
‘31 1apust ', .

‘uotydaload ayl burpuelsaapun :p abeas

& sue1l RID 03
sonbal gIy &ya AQ uoTIewIoy .
*(.suexy. Aq vmu%oma mwuﬂawu pue ‘,BuUeIl, PUPWICS aqy SEN wuwn:

praon pre 4 '83I0933@ I18Y1 238 puw ncwﬁuuw>mm "
. . :

. utod pue suoTITE0d JUBIIIFTP 30 LISURD ou”wuuzw L
e 0w=wom pue (9- ¢ 0) 1 pIuotatsod ST eIswed 3 R

‘24 01 P3

‘elmwes 3yy BuvIaq ¢ abels
‘utebe A13 ‘jou 31 e
1 83§ pue ‘31 zapuay
: ® BT aoejans otapenh yoes 31 4
aoerd wm_mwm wmw wmuzwc noA uot3rsod ayj ul wwmwhﬁzwuwwwwmgumwm: .
: 5 C pUWIOISURIL, PUE UL . bursp -
3oprd 03 uctieisSueIl ® vcwcqumguow_ I33je suorjwuIOISueRI] [T® wuwwwn MM
.wonuuq.ﬁ vtrpenb yoes jo uotarsod ayy ...:M wu>a,.\.u.~ e
1 'h anod 01 AI030911p §SPYO~ Japun ,qll-spinb, 3113 8yl
EGSPRES S \ )
SUOTIRPWIOJSUPI] adTIdeId :2 abels
o putl
4 . nok jeys st abewt ayz 3t an 1
"Aym Inc 2InbTy ‘10U 3IT Uwuwwﬂxwwv:wu pue - (19putiAa oy3 WM MMMMMM -
1 o JO s12j8Wex
‘818yds ay3y jo snipei 'H-3) adejans olipenb yoes 3 eoony s v
. b, 2e jocij
tIpent xTs JO yoes jJO xeluds 3yl puelsiapun 031 .qrI spen qe ¥
o *31 aspusy (T
' AdoDd {1
"A1015211p In0A 03 A301021TP SSPIS~ JBpPUN ,QII°SPPNRb, 8113 aya

‘saopjans orapenb 8y pueisaapun ] abeis

18 323ysyiom
YdoJeasay IaummS UOTIRZ2TIENSTA 333ndwo)

1 1'81°68°861 :SWPN UOTSSSS

a



ool .eedsbun, .poom, BIOEUNS

uibegeingquily X+ #E

7+ #t IS'0- 50 §0 S0 $0 50 S0SC S0S0 S0 S50] .d. Jeeung, ynee

[50- §°0 §°C §°C- 5°0- §0 §°0 §0 50 §°0 5°0- 30! .d. -HBAUNQ, UANBd o ) A e

X+ g IS0 50 §°0- 5°0- §°0- §5°C- §°0 §°0 S°0- §°C €0- 50 .d. .Jeaunig, uyaee

15°0- 0 §C §'C- §0 50 5060505050 S0) .d. ASEBUNG, URd o ) X- #%

he gt {S°0- 5°0- S0 S°0- §°0- §0- 60 §°0- S0 G0 §°0- 0] .d. JEAUING, UNBH

I5°0- €0 S0- 30- S0 €0 §0 60 §0- §0 50 §C] .d. JEesunq, ydled A we
X~ ## 001 OSL | eeds

Is°0- S¢- S0 §°0- S0 §0- 50 $°0- §°0 50 5°0- §°C-] .d. EAUNG, UJlEd 0S5 S. S0 ew|isuBly
A w oAIwnd, uibegpios

L 0SL NSL ejessg uibegeinquily

§°0- GL GL elejsues]l RS bbbttt uibeq Hemae

pUJWIOISUBI | ##

.eamwud, uibegpnog

[1 0 0 JoloD#¢ Z .uoiinquisipweeq, 01 ,e|buseljepeuod,

09 .eibueeuod, [0 0 0] .ol I 0 0] ,wol. 1+ JAusueiu, £ Jubipods, eamnogbriss

puzpNOS
[5'0- 50 60 $°0 S0 §0- S0 §0 §'0 S0 $0- §0) .d. LSESUHIG. UAed S2 52 S2 ereoses
2 ¥4 0S 0EL Se emjsuesLas

I6°0 0 S0 0 S0 §0- S0 §0- S0 §0 §°0- 50 .d. ,JEBUNY, UdNed utBeguisojsue. L ay
lo o 0! ,oni00i 0st 0S1) .wouyleesyLI0°0)

2+ #4#
elbueeijepeuca, [ve60z 0] ,8i6ueeU0D,[¥g) Ansuslul, ¢ .aybiods, edinoSybn

i50- S0 S0 S0- €C- 50 S0 S0 S0 S0 50 50! .du JEIUNG. UdNRd
X+ 4t 20 Ausuaw, g aubipueiqwe, edinogiybn
pUIEINGUIY t JAususiu, [0 0 0] .01 [002 002 002] .wou, | ubmueisip, edsnoSwbn
ig'0- S0 S0 S0- §0 §0~S0 50 S0 S0 S0 S0C) od. JEBUNG, UNEd uibegpiiom
8E+0) pl-21 Duddyd

Moug, eseuns

uibegainguily 000000°002- 000000°002- 000000°002- @iejsuesl

000000°0 000000°+ 000000°0 000000°SE! 8ieloY

A+ #¥
[5'0- §°0 S0- S0 0 §0 606050 S0 60 60-] .d. JEBUING, Udled 0000000 000000°0 Q00C00'L Q6EYST SE- eleloy
X- #4 000000t 000000°C 000000°0C 000000°GZ! €1eloH
{5°0- S°0- S0 §C- S0 50 S0 G0- §C €0 §0- 50! .d. -JERUING, UNEJ Ayvep)
A w# 06 06- 0ZI 0Z2i- MOPUIMUSBIIS

SLE0 SLE'D- S0 S'0- MOPUIMUSRIOISHS

20 JAususwi, z .ubpueiqwe, eanoSiubriss

fo 0 0] .on [oot 001 0OY .woy, 1 uybmuersip. 83NOSIUBNeX
Jowdeiboyuo, uonoeiosd

Q0L ' 0St ejedsg
0: S°'0- SL @eisues}
.eanmwnd, uibagplios

pu3pNoS
g0 €0 60 §0- 20 €0 €0 §¢ §0 §0. &0 S0-] .d. JBBUNQ, UdEd .8Andedsiad, uonoeloidet
Z- 48 1 0 1 0 MmOPUIMOO2D
{50 €0 S0 &0 &0 S0 050 05050 €0-) .d. JEBUNIG, UdBd 1- 892 ¢20! 18ULO]
2+ ¥ 1- 261 952 lewlogms

i eteybuipeys

.ab:. Jeynaswel;, . NOOH. ARiGSIOns
.eab:, ey, Jnwooibig, Aejasig
£0'C UOISIEA

Bl UBNIePUBKes

BB W & I W IR N R ER

puzeinauily

fcp- €0 ¢C c0- §C-S0C0CE0CE0S0E0 €0’ .d. JEsuUllq, Udlky
Xoug, 8Jeung

uibegeinquny



{t 1 1] 10100

aanmwnd, uibegpiog

pu3pnog

{+'0- +0° §20°0- 0 v°0- 5200 $°0- ¥°0 S20°0 +0- v'0 $20°0-) .d. ucbAiod
{+'0 +'0- 520°0- +°0 v'0 520°0- ¥'0 #'0 5200 v'0 +'0- 520°0} .d. UOBAIOA
{+°0- +°0- §20°0 v'0 v°0- §20°0 +°0 +°0 §20°0 #'0- +'0 S20°0) .d. uobhjog
{0 =0 S26°0 v'0 +'0 §20°0- v'0- $°0 §20°0- v'0- v°0 §20°0} .d. uobAiod
{ro- 0 S20°0- $'0- +°0 S20°0- +'C #'0 §20°0- ¥°0 #'0- 520°0-) .d. uobAiod
{+'0 0 $20°0 ¥0- +'0- §20°0 $'0- ¥'0- §20°0- +'0 v°0- 520°0-] .d, uobAiod
L1} eeds

0 €C°0 £E°0- ®lejsuRIL

[t 4 L} 10102

Jaamwud, uibegpnog

pugpios

[y'0- 520°0- +'0- +'0- §20°0- ¥'0 $'0- G200 +°0 +°0- §20°0 +'0-] .d. UoBAlod
{+'0 $20°0- v°0- v'0 §20°0 »'0- #°0 S2Z0°0 ¥0 ¥'0 S20°0- +'0} .d. uobAlod
[+'0- 620°0- ¥'0 $'0 §20°0- ¥'0 #'0 §20°0 v'0 ¢'0- G20°0 #°0) .d. UobAiod

. 1v°0 5200 #'0 #'0 520°0 #°0- #°0- §20°0 ¥°0- ¥°0- G200 +°0) .d. UOBAIOG
{p°0- 520°0- v'0- v'0- §20°C #'0- ¥'0 SZ0°0 #'0- ¥'0 $20°0- ¥'0-) .d. uobAjod
(+0 520°0- +°0 ¥°0- §20°0- ¥'0 $'0- §20°0- ¥'0- ¥'0 S20°0- +0] .d. UoBAOd
11 L eedg

0 0 0 eejsuesy

(8 v 27 40100
Jeaniwud, uibegpios
Juotn, wbegplos

{t ¢ 1] 10100

onseid, eseung

05 0S 0S eress

00 L 06 aEl0Y

1 0 0 08l @BIOY

0t 00t 06 eweisuesf
uibegeinqully

Tomstenete semeneocs semeee- setetesecceccesciacictotacnoannasocans uibeg Jeyons
pue ysep#s

puaangully

puzpIOS

pugpios

{g0- €- §0°0- €0- S SO0 §°0- € SO0 S0 & S0'0-) .d. vobAiod

IS0 - 500- 505 500-606 SO0 S0 S SO0} .d. vObAOY

IS0 £-800S0¢- 500605 SO0 S0 € S00) .d. uobAiog

_m.on,m_..‘m.om.mo.o-m.o.m.mo.o.m.o.mvmo.ou.n.coazon
lep- 5 S0°0- §°0- € §0°0- €0 €+ §0°0- 50 §- 50°0-) .d. wobhiod

lml

(50 & §0°0 §°0- §- §0°0 §0- §- SO'0- §°C.C- §0°0-) .d. Uobhiog
L L | ereds

fs 10100

0 90- 60 slgjsues |

eanwud, uibegpyog

K pu3plios

{S'0- 6~ 60°0- §°0- §'- SO0 §°0- § SO0 S5C- & S0°0-] .d. uobAjog
[50 §- S0°0- §°0 & 50°0- S0 § 600 S0 - 50°0) .d. UOBAIOH
[s0- &- 500 50 - SO0 S0 S SO0 §0- & S0°0) .d. UOBAlod
(50 & S0°0 $°0 € S0°0- §°0- S SO°0- 50~ € 50°0) .d. WoBAog
[5°0- §- §0°0- §°0- §° G0'0- S0 §- S0°0- S0 §- $0°0-) .d. uoBhiog
{s'o 5- §0°0 §°0- §- S0°0 5°0- §- §0'0- §°C & §0°0-] .d. woBAiod
1L L emsg

0 9°0- §°0 eeSURSY

(1 1 1) 50100

eaniuud, uibegpijos

. pusplios
[5°0- §0°0- t- §°0- S0°0- t §°0- §0°0 ¢ S°0- S0°0 i-] .d. UOBAIOY
{50 S0°0- 1- §°0 SO0 1- §°0 SO0 L S0 SO0~ 4] .d. UoBAIOg

{5°0- S0°0- 1 §°0 S0°0- | §°0 §0'0 | §°0- SO0 i) .d. uoBAjog

{50 SO0 1 S0 SO'0 1~ §5°0- §0°0 t- §0- SO0 }) .d. UoBAOG

{S'0- S0°0- 1- §°0- S0°0 1- §°0 SO0 - 50 SO0~ L) .d. uoBAlod
{s’o g0°0- | §°0- S0'0- L S°0- S0°0- - S0 §0'0- L] .d. WOBAIOG
111 emog

0 0 0 QweISuRy)

(8°0 0 270} J010D

eaniwud, uibegpiios

uown, uibegpilos

onseid, eseung

0S5 05 05 ejeds

00 | 06 ;im0Y

1 0 0 06 @m0y

05 00t Oy ®wsuesy

uibegelnquuy

M e eeene et et tciemensacsecerrotcee T maeactcnnannan uibeqg Nsepu¢

pue [femes

puzeINGUUY

puzpHOS

Is°C- §°0 §°0 §°0- €0 €0 §°0- §°0- §°0 §0- €0~ §0-] .d. .Jeeuq, uAed
Z- 8%

pugeinguily

IS0 0 §°0 §°0 $°0 5°0- §°0 S°C- §°0 §°0 €0 $°0-! .d. JEOUNG, UDIEd

Ao




Iol

X+ g4

[50- €0 S0 S0 50650 05065060650 S50-] .de JEBUNG, Yneg

A+ np

fee- €0 S0 5050 S0 50 50 S0 50 50 50} .dn JBOUNG, UdNEY
X- ##

{S0- ¢0- 0 €0 50 50 60 S0 5050 S0 €0 .d. JRSUNIG, Uded
K- we

2 v'0 2 9eds

0 0 0 aleisues]

[1 1 17 s000

Jeanwud, uibegpiios

oseq##

L2 L ®peos

1 0 0 09- ael0Y

09 Ovi Ov elesues]

Jelew, 8soeuNg

uibegeinginy

wbaq dwe| sep##

pu@ dwe| JOO|##
pu3emnquiy
09€ € 0 270 2 |- 5°0 plojoquedAy
g1 .Aouenbayj, | .ouB:nEm.ﬂo_ant. wewade|dsiqg
‘peppe useq sey aul Buimono; eyy #&
{1 1 0} 10100
pu3uwojsues |
09¢ 50 1- 8UOD
0 2- 0 081 e1eloY
2- 0 0 eejsuesy
uifeguuojsues)
09€ 2 2- 10 JepuhD
[+ 2'0 50} 0100
L,uew, eseung
S¢ 52 S¢ efeds
0 0 | 06 BlElOY##
L 0 O 0Bl eeloy#¢
0¢ ST 01 elgsues|
0S¢ STl SC eleisues) g
wbegeinguily

uibeq dwe| Jooyss

pue Jseud=

pugeingui:

pugpic

pugpic:

{50°0- §9°0- S0°0- S0°0- §9°0- S0°0 §0°0- §9°0 SO0 SO°0- §9°0 S0°0-) «d. uobhic-
{50°0 §9°0- §0°0- §0'0 §9°0 S0°0- S0°0 §9°0 SO0 §0°0 §9°0- SO0} .d. uobAic-
[S0°0- S9°0- S0°0 S0'0 §9°0- S0°0 SO0 §9°0 SO'0 §0°0- §9°0 S0°0] .d. uobAic.
{50°0 S9°0 S0°0 SO0 §9'0 S0°0- §0°0- §9'0 SO0~ S0 §9°0 §0°0) .d. uobAic:
[50°0- §9°0- §0°0- SO°0- §9°0 SO°0- SO0 §9°0 SO°0- S0°0 §9°0- §0°0-] .d. uobAic-
{50°0 §9°0- SO0 SO°0- S&°0- SO0 S0°0- §9'0- S0°0- SO0 §9°0- S0°0-) .d. uobhic-

111 e

€€ - §9- €C- eesue._
{1 1 1] s01c:

Lamwud, wbegplc-
puzpic:

[S0°0- §9°0- §0°0- SO'0- §9°0- S0°0 §0°0- §9°0 S0°0 S0°0- §9°0 S0°0-} .d. uobAc-
[S0°0 §9°0- S0°0- SO0 §9°0 §0°0- S0'0 S9°0 SO0 SO0 59°0- $0°0) .d. UobAic:
[S0°0- §9°0- §0°0 §0°0 §9'0- 500 50°0 S9°0 S0°0 S0°0- §9°0 SO0} .d. wobAic-
[50°0 S9°0 SO'0 §0°0 $9°0 S0°0- SO°0- §9'0 S0°0- S0'0- §9°0 S$0°0) .d. uobAic-

[S0°0- S9°0- §0°0- §0°0- §9°0 §0°0- §0°0 §9°0 S0°0- §0°0 §9°0- SO°0-] .d. UODAIC:

{50°0 §9°0- S0°0 §0°0- §9°0- S0°0 SO'0- §9°0- SO0- SO0 §9°0- SO0} .d. uobAic:

L L} eess
££'- G9'- €E° elesue:_
LoAjIwnd, uibegplio:

pu3plios

[50°0- §9°0- S0°0- §0°0- §9°0- S0°0 §0°0- S9°0 SO0 S0°0~ §9°0 5§0°0-] .d. uobAic-
[S0°0 S9°0- S0°0- §0°0 §9°0 50°0- §0°0 S9°0 S0'0 S0°0 §9°0- §0°0) .d. ucbAic-
[S0°0- §9°0- §0°0 SO0 §9°0- SO'0 S0°0 S9°0 S0°0 §0°0- §9°0 $0°0) «d. uobAic-
[S0°0 59°0 S0°0 SO0 S9'0 §0°0- §0°0- §9°0 S0°C- SO°0- §9°0 §0°0) .d. UOBAIC-

[50°0- §9°0- SO'0- S0°0- 69'0 SO'0- SO0 §9°0 SO°0- SO0 §9°0- §0'0-] .d. UOBAI0-

[S0'0 §9°0- 50°0 S0°0- §9°0- §0°0 G0°0- §9°0- S0°0- SO0 §9°0- S0°0-} .d. woBAIC,

L L4 eess
£¢° 69'- ££'- ewesuR_
JeAnwuc, uibegplics

pugpHo -

[50°0- §9°0- S0°0- S0'0- §9°0- 500 S0'0- $9°0 S0°0 S0°0- §9°0 50°0-) .d. uobAic-
[S0°0 S9°0- S0°0- S0'0 S9°0 §0°0- §0°0 §9°0 §0°0 §0°0 §9°0- SO0 .d. uoBAic -
[S0°0- §9°0- §0°0 SO'0 §9°0- SO'0 §0'0 §9°0 §0°0 S0°0- §9°0 §0°0) .d. uobAic-
IS0'0 §9°0 §0°0 SO0 §9°0 SO°0- §0°0- §9°0 §0°C- S0°0- §9°0 S0°0) .d. uobAic.

I50°0- S8'0- S0'0- S0°0- §9°0 S0°0- SO0 §9°0 S0°0- SO0 §9°0- §0°0- .d. uobAic -

{50°0 €9'0- SO0 §0°0- 90 SO0 S0°0- §9°0- SO°0- S0°0 §9°0- §0°0-} .d. uobAic-

bl oeenT
€g 69 - €F alejsue. .




opIS JBOY ##

0902+ 002v50902+ 800 2t].d. JB8UNG, UdlEd

opIS Wb ##

090000060900 800 0] .d. .Jesulq, uded

8pIS YA w#

[50902+ 609008002+t 800 0] .d. ~JEBUNG, Udled

doi ##

09020900002+ 00 0} .d. .JEBUING, YdIEg

wolog ##

1 1 1 8redsg

0 0 1 06- aBI0Y

1 0 0 06- eteloy

92 L'z 0 amsuesy

annwud, wbegplog

oewesy doiss

.uorun, ubegplog

{2'0 +'0 5°0] J010D

Duseid, eoeung

SWERId AD##

SL'0 CEEEEE’L | eeag

peppe ueaq sey eul Buimolo) eyl ##

pu3ptos

16°0- 60 6'0 €0- €0 6°0- 60 §'0- §°0 §0- §0- §°0-) .d. JEBUNG, Yded
Z- ¥4

[0 50 50 S°0 €0 §°0-+S°0 6°0- 50 S0 S0 50 .d. .JEBUNIG, Uded
2+ ##

pugeinguuy

[s'0- 5°0- 50 §°0- §°076'0 S0 §°0- §°0 §°0 §°0 S0 .d. .JEOUINA, UMY
JAxiguepiey, .dewj, .aimxeliw, adseung

SZ8°0 L §28°0 0 S2L'0 L G2L°0 0 SeiBuipIOO]BINIXE L

uibegeinqully

X+ &4

[50- 50 S0 S0- 060 506050650650 50 .de JBOUNG, UNRY
A+ o4

§C- €0- €0 §0- €0 50 S0 S0 §50- 6°0-] .d. JEOUNIQ, Udled
X- ##

0. €0 €0 60 §0- €0 505050 S0 S0 d. LJEBUNG, UNRY
A- wa

€ v 50 @edg

0 0 S2°0 ewejsuesy

eanwud, uibegpiog

131U NN

0! 01 OI eress

)
?
n
o

iy
?
n

1 0 0 06 ®ieloy
S, §°0 05 @wesues]
uibageinquny

utbaq awesss

pue ued abeqsebas
pugeInguIY

09 ¥ ¥i- W8I0

0SE #1- 0 v 0 O 9 PojoqIedAn
09€ 081 0 G'0 9 SO
222 emsy

1 0 0 09 SIRIOH##
62 0t 08 aBjsuel]l
Onseid, eoeunsg

{5'0 5°0 §°0] 40100
uibegeinquily

uibeq ueo ebeqrebay

pua dwe| ysepss
pu3eINqUNY

08L 1 2 ¥sia

08L I 2- a81Q

08L 2 2- | 18pUBAD
00 | 06 aIWoY
1 0 09- ewoy
0 S0 emsuR)y
fz 1 5710100
epuysHs
puaplios

09€- ¥°0 8' X510

09E $'0 2°0 ¥S1Q

09E 8’ 270 "0 JepuihD

l6'0 6 67) 40100

_eamuwsd, wbegplos

puUBIS ##

pu3pIoS

{5'0- 50 S0 50- S0 50 §0- §0- §°0 §C- §°C §C-! .d. JEBUNG, UMEd
z- o

IS0 S50 §°0 §°0 §0 S0 506050650 S0 §0C-1 .d. JBOUNQ, Udled

24 84

[6'0- €0 €0 S0- S0- §0 60 50 €0 0 50 €0 .d. Je9UNIG, udled

0
S




0 0 . @weisuesy

1 0 0 0 aeloy
uibaguwuiojsues )
pulwiojsues )

NgE S0 L°0 ¥sig

0 0 ¢ AeISURIY
uibegwiojsuesy

[0 0 1] 10100

09 0 - Ol J8punidnus
09¢€ 08L 0 | 6 snioy
(80 »0 20l 1010

0S€ 8 0 »siQ
[t 1 1) 20100

Ouseid, eoeung

¢ ¢ 2 ejeog

L 0 0 06- ;B0
0! 006 aBI0Y

€. GE €0 ewsuel)
wfegeinquily

TTTeTTmmesmesssessssssssssmesccsscssescenoees uibegq #00104#

pue Bwel sy

pugemnquly

pugpliog

pu3piiog

[0e02y0900509C 2+ 5030 0] .d. ,Jesumg, udley
W04 ##

[co2+*000800¢2% 800 0] .d JEOUNG, UdEY

apIS JBOY g

09022062+ 50902800 2% .d. Jesulg, udley
oIS by =4

i0S000C0S0C 900800 0] .d. .Jesung, usied
aDIS Ny

T90THrT09C 0800I 8000 .d. Jesunq, udiey
Qo as

loeCczr220000 I+ 90 0] .g. JeAUNG, UdNEG
wonoeg =«

L1 9L aess

0L 006 aeON

€T L'¢- 0 awsues

.aanmiwnd, utbagpnoc

)

awess Whigyss

pu3DKHOS

{0902+ 0900650902+ S0 90 0] .d. JB8UING, UdtEE
WO0sL &%

002+ 0008002+ 800 0] .d. Jesumg, udted

8pIS JueY ##

[0902r002Y 50902t 800 Y .d JBOUNIG, UNRG
apIS Wby ##

090000050900 800 0] .d. Jeeunq, udted

apIS s

(50902 09008002+ 80 0 0] .d. JEOUING, UdNRY
. do) ##

l0 90 2% 000002+ 00 0] .d. JEOUIG, UNRY

o wouog ##

11 2L oHeog

1 0 0 081 @10y

0 L 0 06 eel0Y

9'2- 1'2 0 aesuRsy

LAamuwnd, uibagpliog

sweld YO

pu3plog

{0902%0900G0902Z% 5090 0 .de JEOUNA, UNRY
woid ae

lpoo2v0008002% 800 0] .d. JBBUING, UIMBY

opIS Jeoy ##

[09CTPr002Y 60902t 8002y .de JB8UNG, UdBY
apIS Whiy #¢

[090000050900800 0] .do JBOUNG, UNBY

pIS 1O

I5°'09°0 2% S0 9008002+ 80 00} .d. JBBUIIQ, UdRY
ao) #¢

09020900002+ 00 0] .d. Jesug, uded
wouog »s

1 L L oresg

0 0 L 06 &1wON

t 0 0 06 a0y

62~ L'2- 0 eweisuely

Laamwnd, uwibegpnosg

swe)d wWologe=

pu3piog

{09CC+0500¢€090CH S0 0 0] .d. JEBUNG, UdNBY
W4 #e

00T 00080C T 80C 0 g JEOUNG, UdRY

e




|~—I

§48°0 | SZ8B°0 0 S21°0 | S21'C O S@IBUIDIOCDIINIXD ) #¢
o 0 1) s010D8e
utbageinguily

S°GL 0 0 sejsueyy

¢ 2 2 emeog
0S 001 QS ®&ejsues]
uibagainguny

uibaq Jonuowse

pue YO0Io##
pu3einquuy
puguuojsues |
081 L 2°0 %810
0 SL°0 0 eresues]
[2001-205201-206201 2001 20 + 0] .d. UBAiOg™-.
1 0 0 06- eIw0y
uibeguiojsue. |
puRyY INOY ##
pUJWIOSURI)
08! | 1°0 X810
. 0 §2°0 0 eigisues]
(200 1- 10820 4- 10620 L'00 L L0 & 0] ud. UOBAIOY
| 0 0 Of @1EI0H##
uitbeguwiojsues |
puey eInu ##
lo 0 0] Jo10D

Nar §2°0 £°0 ¥sio
o 0 1} s0100
uen #x

puauwsosuel}
09¢ S0 1°0 ¥8!1Q
0 0 2 ewEisurs}
i 0 0 O£ @reloy
uibeguuoisues )
pU3wWIOsUeRl ]
09¢ S°0 1°0 ¥81I0
0 0 L owesuesy
| 0 0 00¢ ervIOY

utbeguuioisursy
puzwiojsuesy
08E S°C L0 X8I0
0 0 . @eisues:
1 00 0L2 @reloy
uibeguuojsues)
pu3wiojsuRsy
09€ S°0 L°0 w810
0 0 L eesuely
1 0 0 0v2 @m0y
uibeguuiojsues
puzwiojsURL]
08¢ S°0 1°0 ¥$1Q
0 0 L @EsURy)
1 00 0LZ eEoy
uibeguiojsuery
puzwiosuRsy
08¢ S°0 1°0 ¥%Q
0 0 L G1BISURIL
1 0 0 081 smoy
uibeguuojsuwsy
pUIWIOISURSL
08¢ S0 1°0 ¥®1Q
00 L MmsuR))
1 0 0 051 @.l0
uibeguioisuBl}
puzuiojsURL]
09€ §°0 L°0 ¥81Q
0 0 L ewEsuRIl
1 0 0 021 ey
uibeguuojsuni}
pugwiojsuUeRsL
09€ S0 10 W8I0
0 0 L ®EISUm)
1 0 0 06 om0y
uibeguuiojsues |
PUDULIOISURIL
09€ S0 1°0 ¥$iC
0 0 . mesuRLy
1 0 0 09 oo
uitbsguioisue)}
pUDWIOISUR) L
09€ 60 L0 ¥s1C




lv—l

lsceoec 03
Is- ¢ 0 G2-62-0E € ¢ C
fs- ¢ C & &0 S2 Gz OF

<

ST 5C 0t €506z 62 02

ST 0L & ¢ 0 5¢

wy

<

0t

isz- $T- 0F §Z- 5T Of S 5¢- Of 52

le-cre ¢

-0

¢

-

(e

"y

¢ 0] .d. .JEsUING, udied

Z- 0¢

X- %%

.g. JEesulq, udieg

A us
L1 L aeog
0 C Z seIsues]

Janmuind, wbegpnog
121U JONUOK#H

pugplog
pu3pHOS

08€- L S°0i- wsi@

09€ £ OL- ¥s!1Q

09E 0L~ §°0Ll- £ JBpunAp
0 0 g2 eresues|

aanwnd,

wbegpios
puzpios
09€E § 0 ¥siq

08E § § 8ucy’

0t- 0 6'2- eejsues}

.aaniwud, uibagprios

puzplios
09¢ S 0 x¥s1Q

09¢ 0 & § 8s8uag
§c 0 §2- agsues|

Laanwud,

uibegpijos
pu3ploS
pu3piios

09t- 05 0G- w80

09€ 05 05 ¥s:Q

09€ 0% 0%- 0S5 18BUHAD
0 0 St ewersues)

Hy

Laanmmud,

L1-1

uibagpyos

pu3pliog

pu3piog
LJeBUMQ, UdlEyd
Z- g
uoled
2+ g2
uded
A ge
udey
X+ gz
use

JJeaumgq,

.deaunq,

.eaumg,

Jeaumq,

- m— -
X- ¢
[e- & 0 §2- §2- OF € £--D ST $2- OF) .d. .JEsung, umey
A- #&
L 1} 9edsg

0 0 0 @eIsues]
Jaampwnd, ubegpiog
'J181URD 10NUOWE#

pu3pios
{S°0- 50 S0 §C- &0 §°0- §°0- §0- §0 §'0- 50 50} .d. .JBOUNQ, NJU-HN
IS0 0 05060 S0 §0 50 §0 S0 50 §0) od. SBOUNG, Uded
2+
50-.,50 S0 §0- 6°0- §°0 S0 S0 60 S0 S0 S'0) ode SBOUING, cuﬁ&u
X+
wm.o. S0 $°0 §°0- 6°0 §°0- S0 $0 50 S0 0 50 .d. LBOUYG, M.o-aa“
. +
[s'0- §°0 0~ §°0- §°0- §°0- 60 S0 §0- §°0 §0- §°0-] .d. ~JEOUlq, :uﬁnu
X-
[c'0- 5°0- S0 §°0- §°0- §°0- §0 §°0- S0 §0 60 6°0-] .d. JEOUNQ, Mu_u%“
M

01 0L 0L ereas

0 0 - ewersues]
.eaniuid, uibegpliog
eqno ‘3oBg JONUOW##
Juown, uibegpyos
~uonsesiauy, uibegpyos
Juown, uibegpios
,eoueleyip, uibegpios
(1 1 1) 10100

Jonseid, eoseung
pugzelnguiy

lg0- €00 €0 €0- 060500 S0 S0 0] .de JBOUNG, UNBY
€L 21 oEds

L 0 0 O1- eleioyse

0l- 8 9L ewisuesy

[v 0 0] sot00
uibegainquiy

pulelnquily

S1 § o 0F Jepund
L 00 0L ewmoy

0 0 9r elwisuesL

JXI'Woos, aew), ,eJMXOIAW, 8deunS

Ll




lmﬁl

TATTI 2ININDT 19Y3oue AQ LIXI'PIILOS, ITTZ 2INIXI
21 39777 3IN1x31 31010dI03UT 01 MCU INO 3anBrd G

“{.9[310WTAN"T, YIIM ,poOMm,
afurycxy -5°31 33dA: 3oe1ins bueysxy "SA[TF FIY OIUT SITLP
Teur A1e1sdisIiut 21 My RO 31nbt; 01 .JTa1°gspernt, sutwex3 (v

IS's 13peys
buisn sarty afenbuet Burpeus 3ul arrdwo) (¢

*£1032217p
100X -3 A1T1s211p SSPlJ- I3pun (3[T3 31nIxal) IX3° yitm Butpua sSartly PU3PLOM
Ayl Tie gue (3713 afenbuer Surpeus) (ST yItm BuTpuad sarry Iz rre Adon !

pue Jo)NUOW#A#

Lro2ze2p 2704 22 Alaoize1tp sselo~ 13pun ,qta-qTspenb, 3113 3yl Adod ‘(1 puzeInquuY
‘Bburddew ainaxayl :p abeas pu3pos
[s'0- €0 50 5°0- §°0 §°C- §°0- §°0- §°0 §0- §°0- S°0-] .d. JeeUMq, udted

‘.[edW, 10 3330w, ‘,3UPISUOD,

ANT7 2adf1 3TelIng 13uIdUP D] .u.,ummwn. 3dAy aoejansg ayl afueys o1 Aar (€ Z- %4
©i1 zapuay (2 15'0 60 5°0 §'0 §°0 50~ 50 §0- 50 §°0 §°0- §°0-] .d. JeeuNq, UNBY
) Z+ o8
©A3101291tC InoA 293 AI51231TP SSe[d~ lapun ,QTI‘SNn1ol, (13 ay3i Adod - (y 80~ 5°0 570 §°0- §°0- §°0 60 5°0 S0 S0 50 5°0] .d. Jeeunq, udeg
$3003InS piepuels :¢ abeis X+ a8
IS'0- S0 §°0 §°0- §°0 §°0- §°0 §°0 §°0 §°0 50 §°0-] .d. J®OUNIG, UNRY
-aybtry 10ds aya 3o sralawered ayl abueyd (Y A+ a9
*I46TT 3uTod a3yl 3o szalswwired ayl asdueyd - (¢ 5 i . i o . X
TIYBT{ URISTP 3Yd JO sidajawered 3yl abueyd (2 ls'0- 50 5°0- §°0- §'0~ §°0- §°0 §°0 §°0- §°0 §°0- 570 JReulq, uded
caybtr Jusatque 3yl Jo sidizawered Iyl asbueyd (1 X- a4
‘fuwmoriey 3wl A1l "SIyEty 3O SDUTY P 1P 1Ayl ‘.qrasserB. ayl ul —m.o. '0- 50 S°0- SO S0 §°0 50 50 §0 S0 m.o._ d umg, Yo
‘sas21nos bttt Surieindrupy :z 3beas A~ #8
‘auaiedsuell Atraiardwod st (9 9 0] A3roedo S Sl Sl ewdg
pug ‘snbedo Aralardwod st (T [ [) Airoedo €1- 0 §2- sIwsuRy)
: (8 9 ¥) Airdedo Laniwud, uibegplios
ST xeluds Iyl —— u._
Tit 13puax pue sser(b ayl 3o Airoedo vyl abueyd (T b1
"0 Iapual pue ‘iuem nok X08 WeISASHs
30122 I8s93eym 23 3575 3ul Ut 313Yds anig Yl Jo 107102 3yl abueyd (1 puZpHOS
Aatoedg pue 1070 :z 3abeis puzpNosS
{e- ¢- 0 ¢- § 0 §2- §2- OF §2- ST OE! .d. Jseung, UdRd
“3TT3 AIN 1YL 103 331l 95D 3yl meaq 2- e
e gD 30 XPiuds Ayl puURISIIPUN O3 .qri SSP(6, 1@ OO C(f g2 62 0E C¢C 052 52 O § ¢S 0 .d. JBOUING, UdRY
1 c €¢c ¢ ¢ e 0! .d. mq,
TIT I19puUdy (2 Z+ pe
*A151221tF 1104 531 AID1021tp ISP~ 19pun .qli‘sserb. a5 ay3 Adod (1 I52- 52 0f €- € 0 62 ST OF € ¢ O} .d. .Jwounq, Mﬂau
* o8
*(A232W03D PTIOS IATIONIISUOD) 95D :1 Ibeis Is2- §2- 0F S2- SZ O 52 62- Of 52 5T Of] .d. .Jseunq, udteq
X+ g9

(Z® 139UsSwicM) YDIPaSIY IIWUMS uoriezrlenstpy Iaindwo)d




Fratuvre

A Winning Formula

by C. J. Houtchens

he women in this story are in

a minority group so small that

in some years when national sta-
tistics are gathered, there is no one
in the category at all. These women have
paid a high price to be counted among
their small number and have beaten the long
odds placed against them simply because of
their gender and race.

Martha Brown '89, Linda Hayden "89, Joan
Sterling Langdon '89, and Elaine Smith '88
hold Ph.D.s in mathematics from American
University. Their colleague Ann Taylor '88
earned her AU doctorate in education admin-
istration with an emphasis on teaching college-
level mathematics. Their achievement defies
the notion that females should abandon math
in junior high school and leave the difficult
calculations to men. it rejects the idea that an
advanced degree is not an attainable goal for
African-Americans, who historically have not
funneled into the graduate school system at
a rate anywhere near comparable to that of
white Americans.

In the seven years 1985 through 1991,
according to a National Research Council
survey contained in the June 1992 Commis-
sion on Professions in Science and Techno-
logy report Professional Woren and Minorities,
1,887 white men, 470 white women, 27 Alrican-
American men, and a mere 12 African-American
women in the entire United States reported
having earned a doctorate in mathematics. it
doesn’t take more than a knowledge of simple
arithmetic to figure out that AU’s four female
African-American math Ph.D.s represent a full
one-third of a very elite club. And with four
more African-American women currently
working on math doctorates at AU, it's clear
the success of those seven years wasn't just
a fluke.

We must be doing something right.

1f you ask Nina Roscher, chair of AU's chem-
istry department and a facuity inember since
1974, what it is that makes the difference, her
cheeks pinken and she says quietly, “Dr. [Mary]
Gray and 1 work hard for women.” Gray, a for-
mer chair of AU’s mathematics and statistics
department and a professor there since 1968,
is the person most often credited with focus-

It doesn’t take more than a knowledge of simple arithmetic

to ﬁgure out that AU female Afrlcan-'AInehcan math Ph D s

R £ TS z";,‘lf
"‘;.f!",.,, . ( 8 JESA

,',‘ __,.."_"
Metnt e ¢
d [ y Ao WV RL Tk
‘E";',“ - t" "

2 teif) » ,

WinNTER 1994 A~




PHOTO 8Y MELISIA LATSOH

-Jaine Smith points the way in a classroom
at the District of Columbia's Wilson High
lhnol, where she teaches and also directs

hew after-school itoring project, the Math
nter. Sinith, whn tanght a1 the college
level lor many years, decided that she could
eer more kids into math by reaching them
high school, before they hegin to opt out
hard courses. "Our kids are slipping
wough the cracks.” she says. "We have to
meet (them|] where we find them and move

Imm from here.”

g AU's commitment to women and
inorities in math. Roscher has had
similar success boosting AU’s stats for
omen and minorities with Ph.D.s in

'er own field.
“l was one of 9 women out of 450
chemistry graduate students” working
ward a 1964 Ph.D. at Purdue Univer-
ty, Roscher recalls, with a slight tight-
ening of her lips. “Very unpleasant. . ..
certainly has a lot to do with why |
'm committed.”
Gray claims to have had an easier
ime in grad school at the University of
ansas. Except, she says, “I had a real

l AMERICAN

)

jerk for my first class, who said, ‘"What
are you doing here? Why don’t you stay
home and take care of kids?’ But that
just made me work harder.” Gray has
long been committed to civil, women’s,
and human rights, and was elected chair
of Amnesty International USA last (ali

~ (see page 7).

Both Gray and Roscher have been in
the trenches, and neither is the type to
pull punches. Graduate school in math

:is an arduous and at least three-year-

rong haul in a woman's prime child-
bedring time . . . with no guarantees of
good jobs, promotions, or tenure at the
other end, says Gray. “(There] iIs just
point-blank prejudice on the part of
people in the mathematical community
that women can't do math. ... When|
started out thirty years ago they would
say it. Now they don't say It, but it still
affects their hiring decisions, their pro-
motion and tenure decisions,” Gray
says. Adds Roscher, “{And] we can’t
appreciate fully the problems that black
women face.”

But being realistic about all those
problems is the first thing AU does
right, For starters, through networking
with professional associations, other
academic institutions, and alumni of
the mathematics Ph.D. program, the
university makes a conscious effort to
attract women to the program who may
have been out of school for a while.
Candidates for the mathematics educa-
tion doctorate must have already
earned a master's degree in either math
or education. Both Gray and Rgscher
say that older students tend to'be more
committed to completing the Ph.D. But
they also often have more demands to

juggle—like spouses and children—and * -

are likely to be giving up fairly comfort-
able earnings in order to take on the
life of a student again.

Linda Hayden had earned a master's
of teaching in mathematics from the

University of Cincinnati in 1972 and was
teaching math and computer science at
Elizabeth City University, North Caro-
lina, when she decided that she really
needed a Ph.D. She tried a computer
science program at another university
first but encountered “a lot of frustra-
tion,” she says. “[The program} was
brand new. . . . Courses weren't in place,
and teachers couldn’t give you a curric-
ulum and say, '‘Choose from these
courses. When vou do this amount of
work then you will take your comps
{comprehensive examinations|, and so
on. ... It was all men, and there was
just no understanding at all, no role
models there. . . . | said, this is just not

-

Joan Sterling Langdon takes a rare pause
at her desk at Bowie State University, Mary-
land, where she is an associate professor of
computerscience. For the past four years,
Langdon has also served as director of an
undergraduate and graduate student train-
ing program at NASA's Goddard Space
Flight Center, cosponsored by the center
and Bowie State. “The ‘Dr.’ in front of your
name really makes a difference to NASA”
she says.




able at this time at this institution.”
Hayden settled for a master’s degree
:omputer science instead, as did

' graduate school colleague, Joan
rling Langdon. But Langdon kept
king. When she heard about the AU
igram she says, “l called Linda up in
morning. somewhere like 6 o'clock.
She listened. She said, ‘Okay.’ Then
t hung up the telephone.”

‘l rolled over and went back to

ep.” laughs Hayden.

‘She called me back about an hoar
'r, and she said, ‘Joan, | really wish

1 hadn’t called me,’” Langdon jokes.
ien, of course, everything started
reloping.”

*Joan and | were both very motivat-
... and were looking for a place

ere [earning the Ph.D.] was do-able
hin a finite amount of time," Hayden
slains. “We got the impression that if
were dedicated and worked hard,
would get it. We didn't mind that. . ..
e | tell my students, ‘Put your butt in
chair and your head in the hook." . . .
[ sometimes you can get into situa-
ns where there are a lot of politics
olved. Also, being black women, in
ces where there is a lot of racism,
re are a Jot of other undercurrents
it sort of deter you from your goal.

' didn't feel that [when we visited

17

*You don't want to go to a school
ere you don't think you are going to
out of there,” says Ann Taylor. At
thune-Cookman College in Daytona
ach, Florida, where she has taught
ce 1968 and is now vice president of
idemic affairs and dean of the facul-
Taylor knew two faculty members

o had gotten doctorates from AU.
nerican had a track record, as far as
as concerned, with African-Ameri-

is being able to complete their

rk.”

That'’s the kind of track record that

Martha Brown demonstrates her teacher train-
ing workshop leadership style. Brown, supervi-
sor of mathematics for Prince George's
County, Maryland, schools, oversees curricu-
lnm and staff development for the county’s
175 kindergarten thiough twellth-grade schoals,
a job that keeps her on the road in I'rince
George's and at conferences around the coun-
try. Nevertheless, she is working parttime on
another degree . . . in divinity, at Wesley
Seminary.

historically black schools, colleges, and
universities—Ilike Bethune-Cookman—

have enjoyed for many years. For one
thing, they offer strong role models.
For another, says Elaine Smith, they
have the reputation of being “far more
nurturing and supportive of their stu-
dents.” Both are factors AU College of
Arts and Sciences dean Betty Bennett
points to in assessing AU's success.
“The College of Arts and Sciences has
always had a large number of women
facuity members,” she says. Qut of
twenty-five women on the math and
stat faculty, six, or 24 percent, are
women—a high percentage consider-

ing that nationally women constitute
only 5 percent of math facuities at Ph.D -
granting institutions. Two of AU's fernale
math faculty are tenured full professors.
One of those, Nancy Flournoy, is the
current department chair. “These
women, who have accomplished so
much themselves, have served as role
models to the students,” Bennett says.
“And the commitment of the facuity to
increasing the numbers of women and
minorities has resulted in attracting
those students and seeing them through.
I think they realize that they are coin-
ing to a supportive environment.”

But supportive, as Joan Langdon
points out, doesn’t necessarily mean
coddling. Langdon grew up in South
Carolina during the days of segregation
and attended an all-black high school.
“[The teactiers| were not just peachy
keen and everything that you did was
wonderful. They let you know when you
were messing up and they let you know
when you were doing the right thing,”
she says. “That is the way it Is with
Mary Gray. . . . Primarily, she made
sure that we stayed on track and did
our work and got out of The American
University.”

Langdon remembers a time when
she was working on her dissertation
and was “really busy” but wanted to go
home at Christmas to see her dad. “Dr.
Gray said to me, ‘Go . . . when you fin-
ish your degree.’” Langdon says her
father laughed and agreed, “Well, you
know, you really should work before
you play.”

“Mary has been a wonderful friend,”
says Ann Taylor. “l am not going to say
that | was happy with Mary all the way
through,’because sometimes she gave
me a fit. But it was all worth it. She was
that way because she wanted me to do
well and she wanted me to do my
best.”

Elaine Smith and Gray both acknowl-

WINTER 1994 3b




[ge that they butted
ads through most of
he ten years that Smith

s working on her
taree while also teach-
1g as an adjunct faculty
ember. “There were a
tool things | admire

ut Mary and still
0. ... {But] we are both,
ry strong womern, very
rong women. ... You
now she didn't take
uch. | didn't take
luch I have a mouth.

1e has a mouth. You

t the picture,” Smith

[ys For Smith, support

0 came in the form of
‘lassmates-—a network
tay explicitly encour-
es

“f would never have
ade it without them,”

ith says. “Never. I bugged people to
eath. Child, there were spouses who
opped talking to me because [ was
‘Iling up their husbands so much at
ght” looking for help with complicat-
'd concepts. “l didn't even care because
tad to get it, and they were willing to

Ip me get it. That is how | survived.”

Says Martha Brown, “The big thing

r me was, {would} AU permit part-
[ne participation in the program? | had
job. | needed a job. And if | {was going
0 get a Ph.D.} I had to do it on a part-

AMERICAN

Linda Hayden ‘89 wmkq out at the hhckboavd at Elwabem City Umvemtv
North Carolina, where she is a prolessor in the department of mathermatics
andd computer science. Hayden recalls graphing functions at home for hours
as a high school student "because they were beautiful to me.” Today, in addi-
tion to reqular teaching duties, she pursues grants to provide math conference
tiips and special project experience for a select group of undergraduate math
majors she cails "Hayden's Scholars.”

time basis. That was not . . .
with AU.”

But the other women were taking
time out of their already established
careers and looked to the university
for solid financial help. That's where
part-time teaching positions and Nina
Roscher came in.

Roscher has spent more than half

a problem

her career in university administration,

particularly in graduate and academic
affairs, and since 1986, has also held a
part-time position as program director

¥

C anew J; J“u

of science education in the
Nattonal Science Foundation.
She knows the world of grants
cold and since 1981 has used
that expertise to bring hundreds
of thousands of dollars to AU lor
more than thirty women and
minority graduate students in
math, chemistry, and law,
through the federal government'’s
Patricia Roberts Harris Fellow-
ship Program. Named for the first
African-American woman to
attain a cabinet position (secre-
tary of housing and urban devel-
opment and of health education
and welfare under Pres. immy
Carter) and to head a U.S. law
schoot (at Howard University)
the program provides selected
graduate schools with stipends
for students whose race or gen-
der or both have been, in federal
jargon, underrepresented in cer-
tain fields. For mid-career students like
Hayden, whose husband and nine-year-
old son packed up and moved to Wash-
ington with her, and Langdon, who,
when she came to AU was a single
mother with six-year-old twin girls and
a thirteen-year-old daughter, the
stipends made all the difference.

Make no mistake, for every one of
these women, getting that Ph.D. was a
sacrifice. But they have more than gen-
der and race in common. These women
also possess incredible energy—just

PHOTO BY ToNY PowELL

But supportive doesn ’t neceasarlly Me&n t‘ad_dllng.
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ry pinning one of them down on the
elephone aliter six o'clock in the morn-
ing or before ten o'clock at night—and
another quality, one that perhaps can
hbest be called tenacity.

Says Elaine Smith, “It was a struggle,
honey. It was a long and hard struggle
llrom beginning to end. . . . | am fond to
this day of telling iny students that | got
my Ph.D. in Perseverance. At some point
ll just refused to walk away not having

that piece of paper to show for all the .
time and energy that | knew | had >
already put into it.”
IT “It was tough for me.” says Ann
aylor, who “burned up I-95 and the
airlines” between Washington, where
she lived while working on her degree,
and Daytona Beach, where her husband
is on the facuity at Bethune-Cookman.
“I shed a lot of tears. | can remember
Imany an evening leaving the campus
and crying all the way through Rock

Creek Park as | drove

home. But | don’t know
anybody who gets
through a doctorate
without shedding a
tear.”

And was it worth it?

“l can honestly say
yes. We were up a lot of
hours, we were poor,
we went through a lot
of changes . . . but it
was all worth it. It was
a,good move,” Langdon
says.

“Yes,” says Smith.
“To see the looks on
my students’ faces as |
tell them the stories of
how | went after that degree and to
hear them ask me why is it that they
call me ‘Doctor,’ giving them the oppor-
tunity to share some of these things,

NINA ROSCHER

Conkman College. /efl, savors a sweet moment with her former Ph D). advisor and

mentor, AU professor of mathematics and statistics Mary Gray, following the April 1992
ceremony in which Taylor received one of the university's first Lodestar awards, recog-
nizing her achievements.

MARY GRAY

that alone has heen worth it.”

What with the promotions and the
job offers, the conferences and the
grants, and the recognition that ail of
these women have received since earn-
ing that degree, it would be easy to say
that Smith is just mouthing platitudes.
But that's clearly not her style. What
she is talking about is indeed the real
payofif of AU’s success . . . because the
women in this story belleve that every
African-American woman who achieves
that Ph.D. is a new role model for an
elementary. school child, or a high
school student, or a college student
who could be in graduate school some-
day and on the way to making sure that
this small group gets bigger faster.

Says Linda Hayden, who has returned
to teaching at historically black Eliza-
beth City University, where this past
year 60 percent of the seniors from a
group she mentored decided to go on
to graduate school, “That’s what gets
me up in the morning.”
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Linda Bailey Hayden, PH.D.

Mathematics and CS Dept., ECSU 1318 Roosevelt Bivd.

Box 672 1704 Weexsville Rd Portsmouth, VA 23701
Elizabeth City, NC 27909 (804) 485-0979

(919) 335-3617 fax: (919)335-3487 email: lhayden@uncecs.edu
EDUCATION

NSF-UFE, COMPUTATIONAL SCIENCE 1993-94, NC Supercomputer Center, Triangle Park,NC
NSF-UFE, PARALLEL PROCESSING 1992-93, Colgate University, Hamilton, NY.

NSF-UFE, COMPUTER GRAPHICS 1990 & 1993, Georgia State University, Atlanta, GA.
NSF-UFE, SOFTWARE ENGINEERING 1990, Georgia State University, Atlanta, GA.

PH.D. MATHEMATICS 1988, American Univ., Washington, DC.

M.S.. COMPUTER SCIENCE 1983 Old Dorninion University, Norfolk, VA.

M.A. MATHEMATICS/EDUCATION 1972 University of Cincinnati, Cincinnati, Ohio.

B.S. MATHEMATICS/PHYSICS 1970 Virginia State University, Petersburg, VA.

TEACHING EXPERIENCE

PROFESSOR OF COMPUTER SCIENCE, 1989-present, Elizabeth City State Univ.

ASSOCIATE PROFESSOR OF COMPUTER SCIENCE, 1988-89, Univ. of the District of Columbia.
ASSISTANT PROFESSOR OF COMPUTER SCIENCE, 1985-88, American Univ., Washington, DC.
ASSISTANT PROFESSOR OF COMPUTER SCIENCE, 1980-85, Elizabeth City State Univ.
ASSISTANT PROFESSOR OF MATHEMATICS, 1979-80, Norfolk State University, Norfolk, VA.
VISITING PROFESSOR OF MATHEMATICS, 1976-78, University of Kentucky, Lexington, KY.
INSTRUCTOR OF MATHEMATICS, 1972-76, Kentucky State University, Frankfort, KY.

PUBLICATIONS, HONORS AND AWARDS

Computer Visualization Session Chair, ACM/SIGCSE'94, Pheonix, AZ.

Consultant, Advance Placement Computer Science Reading, ETS, 1994.

Dissertation and Post-Doctoral Proposal Reviewer, AAUW Washington, DC 1993,94.

Proposal Reviewer, Department of Education, Javit Program, 1998.

Referee, Papers submitted to the 1993 ACM/SIGCSE conference

Presenter, 9th International Conference on Technology and Education Paris, France, 1992

Poster Session Chair, ACM-SIGCSE, 1991 Conference, San Antonio, TX.

Proposal Reviewer, NSF-Instrumentation and Laboratory improvement Program, 1991.

Proposal Reviewer, NSF-Undergraduate Curriculum and Course Development Program, 1991.

Textbook Reviewer, Pascal: Understanding Programming and Problem Solving, Douglas Nance
author, West Publishers, 3rd Ed. 1993, ISBN 0-314-93304-2.

Textbook Reviewer, Pascal Laboratory Manual, Carol W. Wilson author, West Publishers, 2nd

Ed. 1993, ISBN 0-314-86529-2.

Author (Dr. Mary Gray, second author) of A Successful Intervention Program for High Ability
Minority Students, School Science and Mathematics Journal, April 1990.
R ITIES--F
Dept, of Transportation 1993-4, $80,000 ACM/SIGGRAPH 1991, $5,000
Office of Naval Research 1994-99, $1,216,000 NSA, 1991-93, $74,800
Office of Naval Research 1990-94, $123,400 NSA, 1992-94, $165,900
Sonia Kovalevsky High School Math Day'94 $5000 ACM/SIGGRAPH 1994, $5,000

Egyptian CBE Seed Grant , 1994-95 $47,000
DOE "Successful Partnering with HBCU" Infrastructure, 1994-96, $1,000,000.00(pending)
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1994 AASERT Summer Rescarch Program
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